Results and discussion
Cytological studies were made in 14 taxa belonging to 10 genera (Table 1) . Normal bivalent formation and their subsequent segregation leading to 100% pollen fertility was characteristics of all the taxa except where otherwise mentioned. Some of the other cytological features in these are discussed below.
Verbascum L.
Two investigated species V. celsioides Benth. and the morphologically variable V. thapsus L. uniformly revealed n=18 (Figs. 1, 2) . Both these species were char acterised by unequal sized bivalents. Some of the similar sized bivalents were secondarily associated, probably indicating chromosomal homologies. Further meiotic course was normal.
V. celsioides was cytologically uninvestigated earlier, whereas, V. thapsus is in conformity with the earlier cytological records (Mulligan 1961 , Packer 1964 , Gadella Table 1. and Kliphuis 1966 , Verma and Dhillon 1967 , Gill 1971 . Hakansson (1926) re ported 2n=34 and 36 for this species. Darlington and Wylie (1955) suggested x=15, 16 and 18 for Verbascum. Perusal of the literature reveals that V. adriano politanum and V. glanduligerum both with 2n=24 (Boryana Stefanova 1974) re present the lowest chromosome number for the genus. The basic nature of this number cannot be authentically supported since the meiotic hebaviour is not known in these species. On the other hand the predominant occurrence of the chromo some numbers 2n=24, 32, 40, 48, 64 (cf. Fedorov 1969 , Moore 1973 ) is tempting enough to consider x=8 as basic for Verbascum. Other chromosome numbers (2n=26, 28, 30, 34, 66; Fedorov, l. c.; Moore, l. c.) reported for the genus may have either originated as a consequence of aneuploid loss or gain at different ploidy levels on x=8 or represent different basic sets. Thus both the presently investi gated V. celsioides and V. thapsus showing n=18 might be tetraploids on x=9 or hypertetraploids on x=8. It is of interest to note that V. phoeniceum exists as two cytotypes with 2n=32 and 36 (cf. Fedorov, l. c.; Moore, l. c.) the derivation of both these numbers from one another. Kickxia ramosissima Janchen (n=9; Fig. 3 ), tallies with the earlier report for the species (Verma and Dhillon, l. c.) . Literature studies reveals that all the so far cytologically known species of the genus, are uniformly diploid on x=9. Earlier Kickxia was treated under the genus Linaria which is based on x=7 (Darlington and Wylie, l. c.) .
Besides A. orontium L. which occurs as a common weed, A. majus L. is a com mon horticultural species in the North-Indian parts. Both these uniformly showed n=8 (Figs. 4, 5, 6) and are diploid on x=8 like most of the species of the genus (Darlington and Wylie, l. c.) . Meiosis was normal in A. orontium, while variable chromosomal configurations in the form of multiple associations, bivalents and univalents were often observed at diakinesis and M-I in the pollen mother cells in A. majus (Table 2; Figs. 5, 6 ). In such cells lagging chromatin material (Fig. 7 ) resulted in abnormal anaphases. Pollen sterility was measured at 40%. The polyploid like meiotic behaviour in the formation of multivalents etc. in this taxon (2x) suggests its interchange heterozygous nature. It is worthwhile to mention here that due to its horticultural values, the species is, constantly under selection pressure. Table 2 . Chromosomal configurations at diakinesis and M-I as observed in A. majus Intra-specific aneuploidy in A. orontium (n=8: Authors; Heitz 1926 , 1927 , Larsen 1967 Gill 1971 , Vanloon et al. 1971 , Gadella and Kliphuis 1971 , n=7: Sobti and Singh 1968 and polyploidy in A. majus (n=8; Authors; 2n=16: Tischler 1920, Heitz 1927 , Propach 1935 , Rieger 1957 , 1958 Stubbe 1966, Verma and Dhillon, l. c.; Bose and Panigrahi 1969 , Gill 1971 , n=16, 2n=32: Bamford and Winkles 1941 , Ruttle and Nebel 1934 , Straub 1941 , Morrison and Rajhathy 1960 , is evident. Veronica L.
Two species, V. anagallis L. and V. agrestis L. were studied from the polybasic genus Veronica (x=7, 8, 9; x2=13, 17, 26; Darlington and Wylie l. c.). V. agrestis (n=14, Fig. 9 ) is in line with the earlier identical findings for the species (Rohweder 1937 , Yamashita 1937 , Wulff 1937 , Lehmann et al . 1954 , Fischer 1969 Mazus rugosus Lour. The morphologically variable species , grows in the moist and shady places in the North Indian planes and Himalayan ranges . All the presently studied morphologically variable taxa uniformly revealed n=20 (Fig. 10) in line with the earlier records for the species (Verma and Dhillon, l. c.) . Discordant chromosome numbers 2n=24, 38, 40 and 104 (cf. Fedorov , l. c., Moore, l. c.) make it difficult to ascertain the basic set for Mazus.
Lindenbergia urticaefolia Link and Otto. (n=25, Fig . 11 ) confirms the previ ous records for the species (Mehra and Vasudevan 1972) . Though n=10 is the lowest gametic number known in Lindenbergia (n=10, 14, 25 cf. Mehra and Vasude van, l.c.), n=25 in L. urticaefolia with normal meiotic sequence is suggestive of either a low basic set (x=5?) or its secondary origin.
Torenia cordifolia Roxb. (n=16) in accordance with the earlier findings by Mehra and Vasudevan (l. c.) , is tetraploid on x=8. The other base number known for the genus is x=9 (Darlington and Wylie l. c.) . Striga euphrasioides Benth. Cytological studies revealed n=20 (Fig. 12) in agreement with the previous reports for this species (Kumar and Abraham 1941, Verma and Dhillon, l. c.) . Kumar and Abraham (l. c.) suggested x=8 for Striga (n=20, 2n=40) on the basis of the occurrence of secondary associations in S. densiflora, S. euphrasioides, S. lutea and S. orobanchoides, whereas, Darlington and Wylie (l. c.) considered x=10 for the genus. According to Mehra and Vij (1972) , the complete reliance upon the secondary associations which generally vary from cell to cell in most of the cases is not justified for the deduction of base number. In light of the fact that no such associations were observed in the presently studied S. euphrasioides, Darlington and Wylie's contention (x=10) is supported.
Centranthera hispida R. Br. (n=15, Fig. 15 ) represents the first cytological document for the genus. Though high x=15 maybe taken as basic for Centranthera.
Vandellia crustacea Benth. A common weed met throughout the Indian plains and hills, ascending upto 1,200m. Flowers: October-November.
A number of collections made from different localities in the area under survey and conforming to the broad description of the species as given by Hooker (l. c.), revealed morphological variations, both in the vegetative and floral characters. Two morphotypes, "A" and "B" (Figs. 16, 17, 18 ) and differing in their chromo some numbers were distinguished.
The morphotype "A" was common in the hills (Mandi, 1,500m.) and rarely descended below 500m. It was diploid (n=7). The morphotype "B" was very common in the plain country and was never ob served ascending beyond 500m. It was tetraploid (n=14).
Both the cytomorpho The present observations coupled with cytological diversities in literature are indicative of cytomorphological complexity of the species. Both the cytotypes (n=7, 14) reported presently were earlier uninvestigated.
Raghavan and Srinivasan (1940) reported n=21, 2n=42 from South India (Annamalainagar) for this species while Bhattacharyya (1968) investigated the species as Lindernia crustacea (L.) Mueller from Eastern India and reported the existence of two discordant chromo some numbers n=16 and n=21. Darlington and Wylie (l. c.) considered x=7 for Vandellia. V. crustacea thus seems to exist at diploid (n=7), tetraploid (n=14), hypertetraploid (n=16) and hexaploid (n=21) levels. V. nummularifolia (n=12 : Gill 1971 ) is the only other cytologically known species of the genus.
Normal diploid like meiotic behaviour in the tetraploid and two size sets of 7 bivalents each in it suggest its alloploid nature. Its diploid counterpart shows equal sized bivalents. Unequal sized chromosomes are also evident in the hexa ploid taxon in this species (cf. Raghavan and Srinivasan, l. c.; p. 45, Fig. 35 ). The significant morphological differences such as the leaf character, hairyness and branching pattern etc., between the diploids and tetraploids presently investigated, are an added pointer towards the alloploid constitution of the tetraploid taxon.
Much can not be said with certainity about the probable ancestry of the poly ploid taxa in V. crustacea. It is, however, worthwhile to point out that the branch ing pattern and occasionally the leaf shapes in the tetraploid taxon (present ob servations) are more or less intermediate between V. crustacea (2x) and V. multjora (see Hooker l. c.) . Though, the chromosomal constitution (number and shape) is not known in the latter species, its sympatric distribution with V. crustacea (2x) in N. Indian hills possibly speaks of its being the other parent involved in the evolu tion of the tetraploid taxon. It may be added that both V. crustacea (2x) and V. multiflora differ mainly in their branching habit, leaf and fruit characteristics. Taking into consideration the present observations together with the earlier records on the species, it seems evident that the different cytotypes of V. crustacea complex are distributed from the colder to the warmer climates in India. The pattern of distribution is indicative of the fact that while the diploids prefer colder Northern areas (Common in the hills between 500-1,800m), the tetraploids are met in the less colder areas in the North and East Indian plains, whereas the hexa ploids are adapted for the warmer regions extending down into the South India. The different cytotypes in V. crustacea thus seem to be geographically isolated and possibly deserve sub-specific ranks atleast. Almost similar state of affairs have earlier been noted in regards to the nature of ploidy and distribution pattern in Veronica anagallis by Khoshoo and Khushu (1966) .
Summary
Cytological studies were carried out in 14 N. Indian taxa. Centranthera hispida (n=15) and Verbascum celsioides (n=18) represent the first chromosome counts for the genus and the species respectively. Two cytomorphotypes with n=7 and n=14 in Vandellia crustacea were also unknown earlier. For the remaining taxa one or the other earlier chromosome reports are confirmed. Meiosis was normal in most of the taxa. Secondary associations were observed in Verbascum thapsus and V. celsioides. Multiple associations in Antirrhinum majus (2x) represents inter change heterozygosity. Intraspecific aneuploidy in Verbascum thapsus (2n=34, 36), Antirrhinum orontium (2n=14, 16), intraspecific polyploidy in Antirrhinum majus (2n=16, 32), Veronica anagallis (2n=18, 36, 54) and both polyploidy and aneu ploidy are evident in Vandellia crustacea (2n=14, 28, 32, 42) . Origin and evolu tion of the tetraploid taxon in the last species is discussed.
